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FAILURE HODE AND
— fAUSE

FATLLRE EFFECT
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RATSOMALE FOR ALCEPTANCE

Loss of pan and Lilk
lelectrical funchion),

ETU

62 Foner Supply
Command/Clock Refeivars

0 el

Ho Pan=tilt mation Ln
responss La camnands.

Hicst Case:

Lass of albww PlU
cuntrol prévents

stowing Lhe RHS.

DESIGR FERATURES

The heritdge far the FIU qechaalsns is the desiges used socces<fully on the Lunar
Raver equipncat on the Apolla 15, 16, and 37 mitsians,

ANl gupport bearings in the azimuth and wlevation anes ara cenyervatively dasigned
wher compared te Lhe lawnch laad enwvironment, .

The design was prepared by a debailed Fialte alenant analysis of bha ctruckyre,
Laking inta account the derating for the Fatigque cycles represented by 1 :
missions. A series of develogmental tests wers conducied to verify the analytical
wodels Far the structure and drive Lrita analyses. Reviews were ngld it prelimisary
desion and fritical design review levals ta avaluite the designs ano test data.

The FTU has been used oa 24 nissions at faur bulkhead ocakiong asd at bhe EMS 21how
Yocatian withoul a failure in the drive Erain, 2245 sSUFPOrE machan isms, or S1ructure.

The mounting prowision From Lhe PIU base Lo 1he orbiter struclure g BMS arm was
analyzed Mor worsi-cass landing loass and thowed adequate marygins,

BARE DDARD OEZLGM (A2}

The gesign of tha associated A} kodrd is construcied Frem laminaled copper-chad
epoxy glass sheets (HEMA - 10) Grade FR-9), PER HIL-P-ES617A. Cirfusl conneg-

tions arg made through printed traces which run fran poiat Lo paint an the

board surfaces. Every brace kerminates at an amular ring. The annuiar ring
sorrdunds the kole in which 3 cowponant lead or torminal is lacated. This ring
pravides a- fouting for Lhe solder, ensuring youd merhanical and elecLrical
perfarmance. {is size and shape are poverned by HTL-P-S5EAD as are trace widlhs,
spacing and routing, These regeirements are reitardted spaciflcaliy in drawing
roles 1o further assure compliance. Wariations batwesn the artwark master and the
fina] product {due to drregularicies of Lhe #tchung process) are dlsa controdlad by
drawing nages. This prevents making dafecdive boards foom yood artwork. HoYes wiiich
house ne Jead or terminal, but szerve anly to elecirically intercoanect the diflerenl
bosrd layers, contain stitch bars for mechanical support sad increased reiiability.

The thru holes are drilled from a dri)) tape thus eliminating the passibiliLy af
hunan error and allawing tight control over hode and ennular ring Concentricily, an
important rediabslily criterian. After drilling and elching, Al coppar cladding i3
Lin-lead plated per MIL-5T0-1495. [This provides for easy and reliable soldering at
the dine or toard assembly, even afler periads of prolonged storage.
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CAITTCAL TEEMS LAST
SHEET _ & OF __f

FAILLRE HOOE AND
CAUSE

FAILLURE ETFECT
O EMG BTEH

;_WMM[

Loss of pan and L1t
feboctrical function).

EIU
A2 Pawer Supply
Command/Clock Receivers

#a Pan—tl1E wokion ia
respanse Lo commands.

torst Lase:

Loss of albow FTU
control preventy

slawing Lthe RHS.

'DESIGH FEATURES {Coatinved)

BUARD ASSEHBLY BESIGN ([AZ)

AlY coupmients are installed in 2 maner which A8Sures mawiswn reliability.
Crmponent beads’ ace pre—tinnad, allowing tokal metiing aof salder Juints. A0 Meads
are formed 1o provide stress reillef and the bodias of ldrge caoponends are skaked.
Sperisd mounting amd handling instructions are included in esch #rawing requi red
ofter Findl assembly. The board #s cpaied with urakhans which protecis syainst
humidily and contaniaatipn.

BOARD M4 ACEHMENT

L
Ehe AZ baard-is secured in the electronics asaembly by guli-plated bery)lium
copper card jquides. Coansctioas are made to the mobher bosrd with blind-mstad
connecinrs. Disengagemant during launch is prevenied by a cover which spang
the board*s Free edge.
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CRITLCAL TWEHS LIST
LHEET L) aF -

FALLUKE HOOE AND
L

FATLURE EFFECT
[TEH

Loss of pan ang LiTK
lelecteical Fonclion).

(11,

af  Power Supply .
Connand /Clock Receivers

il g

RATIONALE_FOR ACCEPTANCE

He Pan-Lilt motion in
response L comMands .

Hecst. Laie:

Lags of elhow FIU
conlrel pravants

stowing the RHS.

QUAL IFICATION TFSTE i

For Dualificatien Tesat Flow, see Table 2 lacabted at the Front of Lhis book,
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FAJLURE WODE AN
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FAILURE EFFECT
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CRITICAL DICHS LL1ST
SHEET 4 OF B

-

BAVIOMALE FOR ACCEPTANCE

Laszs ai pan and Eibg

{elacirical funclkian}.

Flu
A7 Power Supply

Comaand/E Tuck Haceivers

o Pan—tilt motion ia
responsie ta coamnandc.

Horsk {ase:

Lass of &lbmw PTU
conkrol prevants

5towing the RHS.

ALCEPYANCE TEST

The CLTY systems” PIU is subjected dimttlz, wilhout vibralion isalatary which mighl
be used in Lhair nosmal installation, o tha following testing:

& YWibrabiom; £0-BldHz : 3 0B Dgk—rise from 0.401 G2/He
HO=-350 He: 0. 04 GF AL
50950 Ha: =3 dbf1& Dit-y hope
lest Durakion: 1 Minute per Asis
Test Level: 6.6 Gms

* Thermal Vacwum! In a pressure af =5 Torr, the teoperature shall be as
follows:

125 F: Time Lo stablire equipnent plus | howr
5% F: Tiwe to staklire wquipment plus | hour
1I25° F: Fme Lo slablize equipneat plus | hour

The PTU aay net have been subjocted 18 the vacuun condilian.

far Acceplasce lest Flow, sae lable 1 locatlod at the Front &f Lhis Laok.

OFERATIONAL TESTS
T OMIEF t8 TaFIFy that LCTY components are operational, a Lest must verify tha
health of all Lhe comnand related components From the PHS [A?AY) panel swihtch,
;hr:'dugl- th:}!l:lel, Ehmu?h ll;he wm;f‘limhs to the Emr:ﬂ’lu, to the CanerafPTll command
eCoder. e tast must also ver the camera's abi1lky 4o .
abl 11ty to voute videa, and the monltur's ability ta 1ie0Tay’ videss "A cqn;fhe ¥bis
Wauld be perfowmed Lo verify the MOM command path,

Pre-Lawnch nn Orbiter Tett /In-Flight Test

{WOTE: In-Flight Lesting of the elbow cancrafPTU must not be cenducted as long
as bthe crbt 1/1 Interference ts present.}

1. Powmp CCTY Systen, '

2. Via khe PHS pamel, select a romitor as dest iRat ion and Khe canera under
test as source.

1. Send "Camira Power On* coumand fFrom FIIS pael.

4. SEMect "Cxternal Sync® np maniter,

5. Observe yidea displayed on meaitor. wWgke Chat, 1F vldeo on menitor s

. syachranized (1.a., stable paster), blap Ehds ladicates that the caera
is receiving conpasite sync From the NCU and thal the camera is produe bng
synchrond zed video,

&, Serd Fan, Tilt, Focus, Zovm, AL, spd EAHMA cosmands argl visually (aithar

_ via ke monlLor or direck nbservation] verify operaticon,

I Select downlink as dest natien ad canera nmier tesk as sowrce,

8. Qbserwe vidta routed to downlink.
B Sarid Wrances Doaeiie SEEH cvmecee cma o2 amaer
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FALLUSE HODE AnD
CAlSE

FALLUAE EFFECT
{4 EHD IVEH

BIYIOMALE FOB ACLEPTANCE

loss of pdn and biHE
lelectrical funmctisnd.

FIL
& Fouer Supply
Coinand/Clock Aoceivers

(e

He Pan—LilL motion is
respansg 1o cwnmands.

Worsf Cages

loss of ¢lbuw Py
coairol provoals
stowing the RMS,

0A/IHSPECTION

Eracurement Loatral - The PTU EEE Parts and hareware 1teas are procured fram
appraved vandors and suppliars, which mwest the regulrements sel Fortk a0 Lhe CCTV
cenbract and Qeality Plan Work Staleneat {(W5-7593176). Resident DCAS persoanel
revigw all proturamint docwnemic ta establish Lhe need For GS[ on selected parts

irat 507},

i g€ - [ncoming Qual vy inspeclions are made on all
racgived materisls and parts. Resulty ara eecorded by Tab and retained in file by
draving aad fontrul numbers far future raference and tradeabpiliby. A)1 EEE parts
are subjacded o inzaning acceptance tesks as callad far ia PAJ ;IS — lacoming
Inspeckiva Fest Instrucbiuns. Incoming Flighl paris are lurther processed in
accardance wibth ACA TH46E8d - Precondiblianing and Adceptance Bequirements far
Elechrpnic Paris, with the ewception that OPA and PEWD testing is nat performed.
Hachanical items are Inspected per PAl 3186 - [icoming [nspectian [nstroctioas Far
awchanicel ilems, PAL 305 - Incoming Quality Cantrpb Inspection Instrucktion. and
PAl 612 - Procedurs For Processing [ocomiag ar Purchased Parts Designated for
Flighl Ve, Accepled items are deYivered 1o Haterial Controlled Stores and retained
wider spedified conditions undi]l fabricakian is required. HMan-canforming waterials
are keWd for Materialb Aevien Board |HRA} Jlspositlon. [PAL 187, PAY IQC-530).

= Frior to the starl &f FIY board assemGly, all kbems are
varified 1o be correct by stack roam persgnael, as the jtews are accumslated Lo farm
a kit. Vhe ilems are verified agaln by the operater who assembles Ehe kit by
chechiag sgainsk tha as-buili-parts—lisy {ABPL|. DCAS Macwatary Enspection Poinks
arg designated for all printes circole, wire wrap and welded wire boards, plus
harness fonneckors For soldéring wiring, ¢rlmping, solder splices and qualliy
wmyrkeenship priar €a coaiing of the component side of boares and gleeving of
harnesses. :

Spucific PIU board assembly aad test instructions are pravided in drawiog notes, and
applicable documents ara calles out in the Fabricdlion Procedure and Kecord
{FPR-Z20:4822) and parts lisl PL 2204822, Fhese snclude wire cansection Lisk 2245901,
Prucess Standard RIV-586 208081, Process Standard - Bonding «lcroe Fape Z2ZHBEBY,
Specificatlon Soldaring 2280749, Speciiication Mame Plale Applicatien 1980167,
Specification - Crimping Z2680800, Specification - Banding snd Staking ZZH0ETYH,
Specificakion — Drathane coating 2288077, Specilication — lockiayg compound 2026114,
Specification Epaxy Adheslue 7010985, Specitication — Marking ZZBUHTG . Specificanion—
darkmanchip 8830035, Specification Boading and Staking 2230835,

4-2HB e Vo
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FALLURE HOOC AW

FAELURE EFFECT

13
Luss of pan aad il
lelecirica) juncCion).

Fru
&Y Power 5up||:ly
Conmand/Clock Receivars

r

RATI{IMALE FOR ACCERPTANCE

_. _
He Pan-tilt motion in
response bo conoans.

-’

Morst Case:

Lazi of &lbow PTU
caniral prevents

ibowing Lhe AHS.

QAZINSPECTION

EIL Azsenbly and Tesl - As epen box test is performed per TP-IT-2294822, and an Acceptance
Test per TE-AT-2204822, iacluding vibratios and thermal wacuue, Torquai are specifipd and
wiloessed, tracesbility muabers sre recardad and calikraled tools are checked prinr

ta usé, RCA Quality and DCAS inspections are parfsmuad at the completion of

specified FPR operations im accordence with PAL-204, PAL-H05, pal 206 and PAl Z17.

OCAS personndl witnass PT buiton-up and critical Lorquing. R aad OCAS persannel

foaitar accepbance tests and réview the test datasresudts. These persocanel alsp

inspect far conformance after al¥ repair, rewark snd ratesi,

Précaration far Shipwent ~ The PR is packaged sccordiag Le COTV Ledler #4011 and
22680746, Process standard Tor Pachaging and Handling guidellnes. ANl related
docuncatation including assembly drawisgs, Parts Lisi, ABPL, Fest Dala, «tc, is
athered aad bald in & documentavion Telder a33igned specifically Lo each assembly.
tis Folder bs retained for redgrence. An EIDP s prepaced Far each PIU in
accardance with the requirenenis of WS-2593i76. RCA OC ang DCAY personiel wikness
crating, packaging, packing and marking, and review the EIDP for completeaess and
ALLUrACY,
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SWNTLE CCTy
CRITICAL ITEMS LIST

FATLURE WODE AMD
CAUSE -

FATLLRE EFFECT
OH END ITEH

HATIOHALE FOR ACCEFTANCE

Lass &f pan and Lilk
(€1ectrical tunciioal.

(]
2 Powar Sup{ﬂy
ConntandSC luck Receivers

Loss of btravel in the pan
and tilt direciiva,

Mursl Caze:
Loss af elbow FTU

antrol prevents
stowlng the AMS.

fALLURE HISTORY
TOR A2548 Log #0905 5/W021-502

4. 450

Spacecraft Lewel. PTU did sot tilk and wag ilow ta

Cesripbicn: Flight Failwre.
PY2-DENIID) .

gan during FLT of STS-11 (Aef]|

Cayse: Procruding §1 rounting hardware an A2 board prsduced shurt to grounsd
through £2 om adjacent Al Hoard., {1 transiswar an A2 Baard had open bise te
eqibier junckion.

Correckive Aciton: ECH CLY 1146 wat issued vy chaage Feagth of Q1 meunting
hardware. 0l was replaged in addition Lo C2 L T4 an AY bpard. PTUs in Fiald
mere nspected and reworked 1o cosply witk ECH CCT 1145,

N ﬂ‘i’.‘f
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CRITICAL TTEMS LIST
IHEET i o g

FATLURE HOE AND
CAUSE

FAILURE EFFECT
—SH END 1TEH

EATIUHALE FOR ACCIPTAMCE

Lass & pan and ¢iTL
(#lectrical functioa).

EIi}

A Power Supply
ConamandsClock Aecalvers

Ho Fan-tilt motios in
respanse to cpunands .

Hergl. Casa:

Loss af eltsow ATU
conliral preveats
stowing Lhe RHS.

QFEAATIGHAL EFFECTS

luss of ability to position the elbow camera. FPossibla inabilily to Stow Lhae RMS §F
the elbaw comery physbcally interfares with & payload. [F BMS canant be sbowed the
port paylusd bay deor fanned be closed. Loss of crew amd vehicle.

CEEY ACTIONS -
Ferfor E¥A {u repesition tha elbow ramers, use RHS matbon to rapasition the famera.
ar jettison the RYS.

" LEEY TRATHIHG
lCriw should be traised in contingency EVA and AHS operatioas proceduras.
' HISSIM CANSTRAINT

Ba not canifect olbow camera for any flight whara the payload an# the elbow camera
can intarfere with each other {for any pan or L0t angle). Ef the camera must be
flown da not chaage the camera position unki) tha interfering payload iz deployed.



